Background and aims: Insulin-like Growth Factors (IGF-1) plays as mediator between metabolic syndrome (MetS), oxidative stress and breast cancer (BrCa) progression. The objective of this study was to examine the relationships between IGF-1 serum levels and metabolic profile biomarkers in a population group of BrCa patients. Material and methods: 126 Syrian women with breast lesions were assigned in 3 study groups: I. Malignant breast tumor group, II. Benign breast tumor group and a Normal (control) group. The following biochemical parameters were measured: IGF-1, HDL-cholesterol, LDL-cholesterol, triglycerides (TG) and glucose. Results: The mean levels of serum IGF-1 in patients with breast cancer was significantly higher than those with benign tumors but we did not find any correlation between IGF-1 serum levels and tumor stage or lymph nodes metastases. Total cholesterol and LDL-cholesterol levels, along with TG were significantly higher in patients with BrCa versus benign and normal subjects. Conclusion: Results support the link of metabolic dysregulation and oxidative stress in BrCa progression as elevation of serum IGF-1 levels in BrCa patients are associated with metabolic syndrome markers which eventually adds more risk in cancer progression.
Background and aims
Breast cancer (BrCa) in woman is the most frequent malignant tumor in incidence; about one in eight women are diagnosed with breast cancer in during their lifetime. The mortality rate from breast cancer yearly is still considered high. Most women diagnosed with breast cancer are between ages 45 -55 with some differences between races and ethnicities, but younger women can also get breast cancer [1] .
Metabolic syndrome (MetS) is a cluster of risk factors for cardiovascular disease, diabetes and cancer. BrCa is conditioned by genetic predisposition and environmental factors, such as obesity, diabetes, or metabolic syndrome. All these risk prognostic factors are associated with breast cancer (BrCa) and share several hallmarks, among which insulin resistance (IR) seems to have particular relevance. Importantly, IR is associated to impaired glucose tolerance, hyperinsulinemia and hypertension, consequently, it has been proposed as a putative underlying cause in the relationship of obesity, diabetes, and metabolic syndrome with higher BrCa risk prognosis, and survival [2] . There are significant differences in metabolism between normal cells and cancer cells proposing that MetS components play a part in carcinogenesis. However, MetS could affect the risk of BrCa through alterations in a number of interrelated hormonal pathways, including those involving insulin, sex hormones, cytokines, growth factors and Insulin-like Growth Factors (IGFs) [3, 4] .
The role of Insulin-like Growth Factor-1 (IGF-1) and its receptor (IGF1R) in breast cancer progression was studied worldwide, and every study added valuable data related to cancer etiology [5] . IGF-1/IGF1R pathway is involved directly or indirectly with multiple pathways that contribute to breast cancer such as Protooncogenes (C-myc, int-2, c-erbB2 (HER2, neu, NGL) along with Cyclin D, tumor suppressor genes (BRCA1, BRCA2, p53) and DNA repair genes [6] [7] [8] . The role of the IGF-1 as mediator between the metabolic syndrome, oxidative stress and breast cancer progression is complicated and not fully understood and many factors and cellular pathways are involved in this association.
Therefore, the objective of this study is to examine the relationships between metabolic syndrome (MetS) and breast cancer (BrCa) progression, by the link between IGF-1 serum levels and metabolic profile biomarkers, in a population group of Syrian BrCa patients.
Material and method

Subjects and biological samples
This population study was conducted on 126 Syrian women with breast lesions assigned in 3 study groups:
I. Malignant breast tumor group: 61 women with invasive ductal carcinoma (IDC) or/and ductal carcinoma (DCIS);
II. Benign breast tumor group: 30 women with fibroadenomas or/and lipoma;
III. Normal group: 35 healthy women with no tumors (nor malignant neither benign) includes mastitis, fatty necrosis, fibrocystic changes or just normal tissue), considered as a control group. Study samples were collected in Syria between October 2016 and July 2017 from three hospitals: Albayrouni, Almouwasat, and the University Hospital from Damascus. The blood sample was drawn from every patient with breast lesion right before the surgical procedures.
Biochemical methods
The IMMULITE® 1000 system was used to analyze the levels target analyets from the serums of the collected subjects. Calibration, standardization and testing for the internal controls for the biochemical parameters were performed before the analyses. All blood samples were drawn from the cubital vein between 9:00 a.m. and 11:00 a.m. after an overnight fast. The samples were collected in a BD vacutainer without any anticoagulation. The samples were then centrifuged at 4000 rpm for 10 min at 4˚C, and the serum was transferred into Eppendorf tubes (2 ml). All samples were immediately frozen at -80˚C until the measurements were performed. The following biochemical parameters were measured: IGF-1, total cholesterol (CHOL), HDL-cholesterol, triglycerides (TG), LDL-cholesterol and glucose. Serum IGF-1 was measured by an enzymelabeled chemiluminescent immunometric assay (Immulite 1000; Siemens Medical Solutions Diagnostics). The Immulite IGF-1 assay has been calibrated to the old standard WHO. IGF-1 concentrations were compared with the agespecific normative range values for IGF-1.
Statistical analysis
Data resulting from demographic analysis and biomarkers measurements are represented as mean distribution (%) of women in the three study groups: Benign, Malignant and Normal (control), according to the studied parameter. Statistical analysis of the correlation between malignancies (Breast Cancer) and lipid-profile, serum glucose and IGF-1 were analyzed using different statistical tests such as the Mono-Variance (ANOVA) analysis and Multiple Comparisons. One is the Pearson Chi-Square test that was applied for calculation of P value, as well as the Likelihood Ratio and the Linear-by-Linear Association. After univariate analysis of each variable, bivariate associations were made between Breast Cancer and each independent variable using JMP 8.0.2 statistical software.
Results
Demographic and clinical characterization of the population study group
Age group distribution: Women in the age group between 41 -50 years represent 27.8% of the whole group followed by age group of 51 -60 years that represent 23%. For both age groups (31-40) and (61-70), each represents 5.9 % of the whole group, and for those whom are less than 30 years old (21-30) and less than 20, they represent 14.3% and 3.2% of the whole group respectfully. The mean age for those who have malignant diseases was 51 and for those who have benign tumors was 39. Metabolic characteristics: Results obtained from one-way variant analysis (ANOVA) that revealed significant differences between measurements of blood testing for metabolic parameters and BMI for all subjects are shown in Table 1 . Results were analyzed using the Mono-Variance (ANOVA) analysis and Multiple Comparisons (Tables 2 and 3 ). Significant differences are present between variants means of all three groups (benign, malignant and normal) (P<0.05). The cholesterol levels in patients with breast cancers were higher than those with benign tumors and normal control (P < 0.05). Also, women with benign tumors showed higher cholesterol levels than those with normal control (Table 2) . Expectedly, the differences between HDL levels between women with breast cancer and those in control were significant (P <0.05). Lower levels of HDL were observed in cancer patients. No significant differences were seen between patients with benign tumors and normal control (P > 0.050) ( Table 2) .
On the other hand, the triglyceride (TG) levels and the low density lipoprotein (LDL) levels in patients with breast cancer were higher than those with benign tumor and normal control: Malignant Tumors > Benign Tumors (P < 0.05) and Benign Tumors > normal (P < 0.05). Nevertheless, with regard to glucose levels, there was a significant difference between patients with breast cancers and those with benign tumors or normal control. Where the glucose levels in cancer patients with high IGF-1 is ranked at range of high normal (Tables 4 and 5 ). Serum IGF-1 analysis: The mean levels of serum IGF-1 in patients with breast cancer was 156.49 ng/ml which is higher than those with benign tumors, but without significant differences between subjects with benign tumors and the normal group. Since the mean levels of serum IGF-1 is different between age groups, a new method of analyzing IGF-1 levels was applied, and the results are shown in Tables 6  and 7 . As demonstrated in Tables 6 and 7 and from the comparison of IGF-1 values in the designated three groups (malignant, benign and normal) the differences in IGF-1 levels were significant between the three groups (P < 0.05). In order to be more accurate in approaching the differences in study group levels of IGF-1, less significant difference (LSD) was applied as shown in Table 8 .
Discussions
As mentioned in the introduction, BrCa is the most common cancer and the leading cause of cancer death among females worldwide, accounting for 25% of all cancer cases and 15% of all cancer-related deaths among females [1] .
Increased body weight and metabolic disorder including insulin resistance, type 2 diabetes and cardiovascular complications together constitute metabolic syndrome. In addition to changes in fuel availability and the adipocyte-derived hormones leptin and adiponectin [9, 10] . Recent studies indicate that abnormalities in cellular lipid metabolism are involved in the pathogenesis of the metabolic syndrome. The pathogenesis of metabolic syndrome involves multitude of factors. Many studies however indicate, with some conformity, that oxidative stress along with chronic inflammatory condition pave the way for the development of metabolic diseases [10] .
IGF-1 plays as mediator between the metabolic syndrome, oxidative stress and breast cancer progression. IGF-1 and IGF-2 through binding their receptors and other thyrosine kinase receptors induce signaling networks leading to fundamental cellular processes, such as cell growth, proliferation, differentiation and survival [11] . Aberrations in the generation or action of IGFs play an important role in several pathological conditions such as metabolic disorders and cancers. Therefore, we aimed to study the correlation between IGF-1 and some parameters according to MetS in a population study including 126 Syrian women. Substantial evidence indicates that the socioeconomic status (SES) of breast cancer patients has a significant impact on prognosis through its associated influence on the cancer stage at diagnosis. Previous findings suggest people with lower incomes have a later cancer stage at point of diagnosis and a worse overall prognosis. Also, Socioeconomic status is significantly associated with education level and occupation, both of which can greatly influence patients' perception of the tumor, thereby affecting the level of early detection, diagnosis, and treatment [12] . This observation was noted also in our study and we found that 87% of those subjects with malignant diseases have intermediate educational level or have never been to the school. This is in fact very important observation that may contribute to the lack of preventive measures that women may practice to decrease the risk of breast cancer progression.
Our study revealed significant correlation between malignancies and body mass index (BMI), 77% of those with breast cancer being obese or overweight. Expression of IGF-1 in breast cancer was significantly associated with high BMI, it appears likely that sensitivity to insulin in obesity plays a central role in the GH-IGF axis response, by inhibiting pituitary GH, increasing hepatic GH responsiveness and suppressing hepatic IGFBP-1 secretion. Our result revealed that there is a correlation between IGF1 and BMI in all age groups. This is confirming that obesity is associated with an increased IGF-1 response to GH and increased GH-binding protein levels so that an increase in expression of GH receptor may explain lack of suppression of total IGF-I levels. Some studies report an inverse relationship between total IGF-I concentrations and measures of adiposity, such as waist circumference [13] .
Elevations in LDL-cholesterol and triglycerides (TG) levels with low levels of HDL cholesterol can predict development and prognosis in metabolic syndrome and eventually in cardiovascular diseases and malignant diseases in general. In our studies, the cholesterol and LDL levels in patients with breast cancers along with TG were higher in breast cancer patients than those with benign tumors and normal controls (P < 0.05). While lower levels of HDL were observed in cancer patients as expected (P <0.05). In regard to glucose levels and BMI, there was no significant differences between patients with breast cancers and those with benign tumors or normal control. Interestingly the patients with normal controls have glucose levels and BMIs higher than those in breast cancer patients.
In summary, the mean levels of serum IGF-1 in patients with breast cancer was 156.49 ng/ml which is higher than those with benign tumors, but without significant differences between subjects with benign tumors and the normal group.
From the above findings the indicators of metabolic syndromes (TG, Cholesterol, LDL, HDL) and remarks of oxidative stress (tobacco smoking and others) are associated with elevation or high expression of IGF-1 which is eventually linked to breast cancer progression.
It appears that the binding of IGF-1 to its receptor activates the tyrosine kinase and initiates a cascade of phosphorylations that activate intracellular kinases and nuclear transcription factors, including the estrogen receptor (ER). There is increasing evidence for a complex mechanism of cross-talk between peptide and steroid pathways. The emerging model of cross-talk between IGF-1 and estrogens suggests that estrogens, acting through the estrogen receptor (ER), induce the expression of IGF-1. IGF in turn exerts its actions through binding to the IGF receptor I, a transmembrane protein with tyrosine kinase activity. On the other hand, the inhibition of IGF-1 receptor signaling with anti-IGF receptor antibodies, may restricts breast cancer cell growth in vivo. Previous studies revealed that similar effect is also observed in breast tumor xenografts in vivo [11, 14] . Since, it would be interesting to investigate a possible correlation between IGF-1 and ER Expression, as antiestrogens, inhibit IGF-1 receptor dependent growth by downregulating the IGF autocrine pathway and modulating the expression of IGF binding protein. In addition, antiestrogens decrease the expression of IGF-1 binding sites and suppress the activation.
Recent studies have shown that the levels of estrogens and other steroid hormones in breast fluids are much higher than in serum, which may be the result of local synthesis or increased uptake from the circulation. No differences in estrogen levels of breast fluid have been found between normal women and those with breast disease. A possible explanation may be differences in the levels of estrogen antagonists, such as progesterone.
Finally, we did not find any correlation between IGF-1 serum levels and tumor stage or lymph nodes metastases as have been demonstrated in breast cancer and other cancer types [15] [16] [17] . Subjects samples, age groups and geographic distribution as well as genotypes may explain this contradictory.
Conclusions
Our studies showed that the elevation of serum IGF-1 levels in breast cancer patients are associated with high levels of metabolic syndrome markers such as LDL-cholesterol, triglycerides, glucose, body mass index (BMI) and low levels of HDL which eventually adds more risk in cancer progression, that support the link of metabolic dysregulation and oxidative stress on breast cancer progression.
Interestingly, this study revealed remarkable link between malignant subjects and their educational levels which may have reflected in many aspects on their lifestyles such as low physical exercises, diet type and high carbohydrates uptake that increase the risk of breast cancer.
Nevertheless, we did not find in this study any correlation between serum IGF1 levels and tumor stage or lymph nodes metastases in patient's breast tumors as have been mentioned in previously published reports in breast cancers and other cancer types.
